INTRODUCTION
Broiler meat is vastly consumed worldwide (FAO, 2008) . In 2016 the world production was nearly 90 million metric tons (Statista, 2017) . The genetic selection for fast growth and weight gain to which broiler chickens have been subjected in the last decades has led to birds more vulnerable to environmental factors. Therefore, tropical regions with intense solar radiation, high temperature, and high humidity, tend to lead to losses due to heat stress and consequently discomfort, and lack of welfare (Deaton et al., 1997; Marchini et al., 2016) .
The production environment plays a fundamental role in the modern broiler industry, which seeks to achieve high productivity, in a relatively small space and time (Dawkins et al., 2004; Amaral et al., 2011) . The facilities should ensure an environment of thermal comfort that allows the animal to express its full genetic potential (Nascimento et al., 2014) . The intensification of automation and innovative technologies has brought about the increased variability of the thermal environment of the facility, with consequent variability in the indexes of performance (Carvalho, 2012) .
There has been a growing interest in the use of meta-analysis in areas related to animal production and veterinary sciences as an essential tool for synthesizing computed results from multiple studies, particularly in those in which the effect is not readily detectable and the sample is smaller (Cernicchiaro et al., 2016) . Also, studies have shown the successful application of the technique (Sanches et al., 2007; Andretta et al., 2011; Carvalho et al., 2011; Pauly et al., 2012) . The use of meta-analysis in the broiler environment makes it possible to obtain a larger sample by combining several studies already performed, eRBCA-2019 eRBCA- -1052 allowing a more accurate response than that obtained in individual studies (Andretta et al., 2011) . The present study aimed to identify from previous researches the variables that are most influential in the intensive production of broiler chicken using meta-analysis.
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MATERIAL AND METHODS
Search strategy
The selected keywords were broiler, behavior, welfare, housing, rearing condition, stress, management, lighting, heat, production, acoustic environment, and thermal environment, both in English and Portuguese. The keywords were searched into three databases Google Scholar, Scopus, and Scielo.
The research started with an input of published scientific papers (n = 5,994) from the following databases Google Scholar, Scopus, and Scielo, within 2000 until 2015. A total of 5,960 articles were discharged in every step of the selection, adopting the criteria shown in Figure 1 . The criterion for selection of parameters was a study that showed factors which most influenced broiler production. The relevant data for each work were systematized, grouped and later tabulated and inserted into a prepared spreadsheet. The data were separated by the factors that affect broiler production (rearing temperature, T; and other factors (weight gain, WG; feed conversion, FC, ventilation, V, flock mortality, M).
Data extraction and assessment
From each scientific paper, we checked performance data and the individual comparisons where the outcome was measured in a rearing temperature at a specified time and compared with the result in a control group. When the treatment group received more than one intervention, this was recorded. For each comparison and for each treatment and control group we registered data for number per group, mean outcome and its standard deviation. Data was only used when presented in tables, and when one group of birds was scored in more than one trial, data were combined with the genetic strain manual to estimate of effect size and standard error. The primary outcome assessment was the effect of the temperature in the rearing environment during broiler grow-out according to the genetic strain. The other variables which were extracted from the published data were those that affect broiler performance such as the type of ventilation used during the rearing period, and the performance data (feed conversion, live weight, mortality, and weight gain). Fonte: Adapted from Bawor et al. (2015) .
The study focused the selection based on the following characteristics (1) publication in a peerreviewed journal; (2) statement of broiler production data; (3) randomization to treatment or control; (4) sample size calculation; (5) statement of compliance with regulatory requirements; and (6) statement regarding possible conflicts of interest.
Data analysis
The variables used to analyze the thermal environment were temperature (comfort, high and low) and performance data (weight gain, feed intake, and feed conversion). The thermal environment variables (rearing temperature) and the influence factors in the animal production were submitted to Pearson correlation analysis (p<0.0001) and the results were of variance (ANOVA) with a probability of 95% of the confidence interval. The factors that may influence the production of broiler chickens were tested using the VassarStats (Lowry, 2017) online software, by covariance analysis (ANCOVA), Pearson's correlation coefficient, and divergence analysis of the statistical compilation of the data in relation to broiler performance indicators of the Cobb, Ross and Hubbard genetic strains. The study of divergence was done by comparing the data of the compiled variables with the normalized indicator data of each lineage. Pearson correlation coefficients and divergencewere used as normalized standard reference values, the means of the performance variables were compiled from the production and nutrition manuals of broilers from the Cobb, Ross and Hubbard strains.
The statistical model for the analysis of covariance, with a factor and a covariate, is described in Equation 1:
where: µ = constant; ai = effect of the i th treatment; X ij = value observed of the covariable; X = mean of the covariable; b = coefficient of linear regression between the covariable (X) and the response variable (Y), with b ≠ 0. In this model, it is assumed that the response variable and the covariate are linearly related, with a probability of 95% of the confidence interval. In this model, it is assumed that the response variable and the covariate are linearly related, with a probability of 95% of the confidence interval.
The correlation coefficient effect size (r) was calculated. The value of r is always between -1 and +1, and r = 0 corresponds to non-association. We use the term positive correlation when r > 0, and in this case, as x grows y increases, and negative correlation when r < 0, and in this case as x grows, y decreases (on average). The higher the value of r (positive or negative), the stronger the association. At the extreme, if r = n and/or r = -n then all the points in the scatter plot fall precisely in a straight line. At the other extreme, if r = 0 there is no linear association.
The effect size by correlation (CESr) was calculated from the factors considering ventilation vs. feed conversion, ventilation vs. mortality and conversion vs. mortality, the model described in Equation 2. The selection of the elements was due to the weight attributed to the factors within the temperature above the thermal neutral zone. The effect sizes for each study were grouped according to the lineage of the birds. The Practical Meta-Analysis Effect Size Calculator (Wilson, 2001) was used for calculating the size of effects dependent on meta-analysis.
where CESr = correlation coefficient effect size (Lipsey & Wilson, 2001) , r 2 = coefficient of determination, and n =the sample size.
RESULTS
Rearing temperature vs. performance
In most papers, the heat stress exposure was set when the broiler chicken was at a rearing temperature between 31 to 35 °C. The thermal comfort temperature was near 25 °C, and below 20°C was considered cold stress for broilers older than 30 days. The weight gain at 42days of age varied according to the genetic strain, being the studies with Cobb within the range of 1428 to 2500 g. The Ross broilers presented a variation of 1890 to 2400 g, and the Hubbard broiler showed a range of 1980 to 2100 g. Table 1 presents the correlation amongst the rearing temperature and the following performance data weight gain (WG), feed consumption (FCO), feed conversion (FC), and flock mortality (M). Weight gain and feed consumption showed a strong positive correlation as expected (0.85). The remaining values varied; however, the rearing temperature presented a negative correlation to some performance variables (weight gain, feed consumption, feed conversion, and flock mortality). Table 2 presents the results of the ANOVA of temperature vs. weight gain (WG), temperature (T) vs. feed consumption (FCO), and temperature (T) vs. feed conversion (FC).
Considering the data on weight gain, feed consumption, and feed conversion the values of F were 8. 32, 9.59, and 7.32 respectively (p<0.05) showing a difference between the treatments (thermal comfort, high and low temperature).
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Ventilation vs. performance
Pearson correlation for the three studied genetic strain, considering the interaction of the use of ventilation and performance (represented by the values of feed conversion-FC, and flock mortality-M) is presented in Table 3 . Moderate correlation was found for ventilation vs mortality (r = 0.57) for Cobb data. Mortality vs feed conversion (r = 0.54) for the Ross and Hubbard strains ventilation vs feed conversion (r = 0.51) and ventilation vs mortality (0.55).
Using the Pearson correlation, the effect of the size (r) was calculated and the results are shown in Table 4 , 5 and 6 for Cobb, Ross, and Hubbard genetic strains, respectively. The effect of ventilation vs. mortality was 0.57 (95% CI, 0.12: 0.82) for Cobb genetic strain with a positive correlation (Table 4) .
The estimated effect size for mortality-related ventilation (V vs. M) of Ross genetic strain showed a negative correlation of -0.32 (95% CI, -0.74: 0.29) indicating that as ventilation improves (ventilation rate, m s -1 ) mortality decreases (% per productive cycle). However, as feed conversion improves, regarding feed weight consumed as a function of the live weight of the bird, mortality increases in percentage per productive cycle, with an effect size estimate with a positive correlation of 0.54 (95% CI, -0.01: 0.84) ( Table 5 ).
The results for the genetic strain Hubbard showed that the size of the effect of ventilation vs. mortality was 0.52 (95% CI, -0.22:-0.88) with a positive correlation (Table 6) . Since the data significantly varied amongst the studies the reference from the manual of each genetic strain was used to normalize and adjust the data. Table 7 presents the meta-analysis results showing a correlation between the studied variables (weight gain, weight, feed conversion, and flock mortality). The feed conversion showed variations between 1.52 and 2.11 about the rearing environment ventilation (0.06. 0.18 and 0.24 m s -1 ) and the feed conversion normalized to Cobb genetic strain. Broiler mortality presented results from 0.15 to 3.00% compared to 1.77% of normalized mean mortality. The feed conversion showed variation between 1.68 and 2.05 about the ventilation (0.18 and 0.24 m s -1 ) and the feed conversion normalized to Ross strain. Flock mortality results were from 2.18 to 4.67% compared to 2.73% (normalized mean mortality). The feed conversion showed variation between 1.93 and 2.12 about the ventilation (0.18 and 0.24 m s -1 ) and feed conversion normalized to Hubbard strain. Mortality found presented results of 3.00 to 7.69% compared to 5.05% of normalized mean flock mortality for the same genetic strain.
Data on authors, number of samples in each study (n), feed conversion rate (FC), broiler mortality (M), air velocity (V ms -1 bird), and Forest graph of the correlation coefficient of the effect size (r) are shown in Table 8 .
DISCUSSION
The current manuscript presents the revised recommendations on the factors that affect broiler production on the point of view of rearing environment and relating to some performance variables. It is observed that the average heat stress occur when rearing temperature is around 32.5 °C. The effect of this temperature on the birds influences productivity, by altering their heat exchange with the environment, modifying food consumption, body weight gain and, consequently, metabolizable nutrients (Carvalho et al., 2011) , and thermal comfort (Vigoderis et al., 2010) . According to (Marchini et al., 2016) different factors contribute to this situation: rapid growth, physiological changes and changes in the mucosa of the small intestine.
The influence of the thermal environment on birds varies with species, age, body weight, sex, physical activity and food consumption (Amaral et al., 2011) . Already, Dawkins et al. (2004) indicate that the importance of the indoor housing environment is more critical to meet animal welfare issues than flock density. Such statement means that the productivity of broiler chickens would probably be better in a most 
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eRBCA-2019-1052 appropriateenvironment (temperature and relative humidity close to the thermal neutral zone). According to Salgado et al. (2007) , the excess of cold (in the early stage of the grow-out period) and mainly the excess of heat (after the 5 th week of growth) in the broiler rearing environment decrease productivity. Such a scenario also affects their growth and health. which can lead to an extreme situation, such as the increase in flock mortality. Several authors found out that the bird development is affected by the internal and external conditions in which they are reared (Garcia Neto & Campos, 2004; Amaral et al., 2011; Carvalho, 2012; Baracho et al., 2013) . In the present analysis, the effect of ventilation (TER = tunnel plus evaporative cooling, PP = positive pressure plus fogging, VN = natural ventilation) on broiler production were compared. Considering the Cobb strain, there was a positive effect of the ventilation on the flock mortality (Table 8) . Flock mortality had a negative effect size on Ross genetic strain, while no effect of ventilation was found in the Hubbard strain (Table 8) . No impact of ventilation on the feed conversion was observed amongst the genetic strains. Although authors recommend roof insulation (Oliveira et al., 2000; Abreu et al., 2007) to decrease the solar heat transfer to the house, the meta-analysis could not detect the size of the effect. The best feed conversion was the Cobb strain, followed by Ross and Hubbard strains. Stringuini et al. (2003) reported that the Ross strain presented better feed conversion (1.67) than Holsheimer & Veerkamp (1992) , and Souza et al. (1994) who found better feed conversion of Ross broilers when compared with Cobb broilers. Other authors reported that feed conversion was significantly affected by the strain,and the best results were obtained in birds of the Ross strain, when compared to the Cobb and Hubbard lineage (Garcia Neto & Campos, 2004) . Such a parameter is critical when evaluating the performance of breeding chicken lots (Mendes et al., 2004) and may impact the cost of production (Lupatini, 2015) .
The highest feed conversion was found for the Hubbard strain. The causes of high feed conversion are multifactorial, such as feed quality, including quality of ingredients; failures in the production process; health of birds including vaccination program, sanitary challenge, and lastly, the management which involves issues with equipment, installations, ambient, and workers (Aviagem, 2011) . It is necessary to intensify the management techniques at the environment so that the feed conversion does not increase beyond what is expected for the genetic strain (Lupatini, 2015) . Small changes in the conversion rate whatever the price of the ration will have a substantial impact on financial margins (Mendes et al., 2004; Aviagem, 2011) .
The literature on alternative mitigation strategies of broiler heat stress exposure is scarce during production, although there are studies in alleviating the effect of heat stress during transportation (Drain et al., 2007; Warriss et al., 2005) . Most scientific articles refer to intervention strategies to deal with heat stress conditions with the focus on different approaches, including environmental management, housing design, ventilation, sprinkling, and shading, amongst others (Yahav & Hurwitz, 1996; Yahav et al, 2004; Mengali et al., 2010; Abreu & Abreu, 2011) . Furtado et al. (2006) observed that the performance was maintained within the threshold values when ventilation and fogging systems were on during hot weather. The decrease in mortality rate and increase in performance parameters were found in houses when the ventilation rate was high and continuous, and associated with adiabatic cooling, mainly during the last weeks of grow-out (Damasceno et al., 2010; Menegali et al., 2010; Abreu & Abreu, 2011; Barbosa et al., 2012) .
The Hubbard strain presented the highest mortality values. According to Figueiredo (2003) , mortality above 3% must be out of acceptable standards. To reduce mortality on the farm requires the use of proper technologies, management, health control, nutrition, and genetics to improve efficiency and reduce waste (Lupatini, 2015) .
CONCLUSION
After analyzing the published data using the meta-analysis tools, we could conclude that the factors that most influenced the performance of broiler chicken were temperature, ventilation,and genetic strain. The factors affect each studied broiler genetic strain differently, causing distinct impact in intensive production. Considering the different ways the published studies were designed it is challenging to make specific propositions for a suitable rearing environmental design. One important issue when suggesting recommendations is to assess to what extent the factors might be used by engineers to design a more favorable rearing environment for broiler production.
